Background
Tamoxifen and raloxifene have limited patient acceptance for primary prevention of breast cancer. Aromatase inhibitors prevent more contralateral breast cancers and cause fewer side effects than tamoxifen in patients with early-stage breast cancer.
Methods
In a randomized, placebo-controlled, double-blind trial of exemestane designed to detect a 65% relative reduction in invasive breast cancer, eligible postmenopausal women 35 years of age or older had at least one of the following risk factors: 60 years of age or older; Gail 5-year risk score greater than 1.66% (chances in 100 of invasive breast cancer developing within 5 years); prior atypical ductal or lobular hyperplasia or lobular carcinoma in situ; or ductal carcinoma in situ with mastectomy. Toxic effects and health-related and menopause-specific qualities of life were measured.
Results
A total of 4560 women for whom the median age was 62.5 years and the median Gail risk score was 2.3% were randomly assigned to either exemestane or placebo. At a median follow-up of 35 months, 11 invasive breast cancers were detected in those given exemestane and in 32 of those given placebo, with a 65% relative reduction in the annual incidence of invasive breast cancer (0.19% vs. 0.55%; hazard ratio, 0.35; 95% confidence interval [CI] , 0.18 to 0.70; P = 0.002). The annual incidence of invasive plus noninvasive (ductal carcinoma in situ) breast cancers was 0.35% on exemestane and 0.77% on placebo (hazard ratio, 0.47; 95% CI, 0.27 to 0.79; P = 0.004). Adverse events occurred in 88% of the exemestane group and 85% of the placebo group (P = 0.003), with no significant differences between the two groups in terms of skeletal fractures, cardiovascular events, other cancers, or treatmentrelated deaths. Minimal quality-of-life differences were observed.
T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 364;25 nejm.org june 23, 2011 2382 E strogens contribute to normal breast development but can also promote breast cancer in preclinical models and in women with high circulating plasma estrogen levels. [1] [2] [3] [4] To date, chemoprevention of breast cancer has focused on the selective estrogen-receptor modulators (SERMs) tamoxifen and raloxifene, which exert antiestrogenic effects on the breast, as well as agonist or antagonist effects on other organs. In the National Surgical Adjuvant Breast and Bowel Project P-1 trial, tamoxifen significantly reduced the number of invasive breast cancers, by 49% (P<0.001) as compared with placebo. 5 A metaanalysis of trials comparing tamoxifen with placebo showed that tamoxifen reduced the incidence of breast cancer by 38% with no effect on mortality. 6 On the basis of these collective data on tamoxifen, the estimated number needed to treat to prevent one breast cancer after 5 years is about 95 and is reduced to 56 after 10 years. 7 Similar risk reductions occur with raloxifene. [8] [9] [10] Tamoxifen increases the risks of endometrial cancers and venous thromboembolism; raloxifene does not increase the risk of endometrial cancers but does cause similar toxic effects.
The acceptance of tamoxifen or raloxifene for reducing the risk of breast cancer has been poor, in part because they are both associated with rare but serious toxic effects. [11] [12] [13] Of the approximately 2 million U.S. women who could potentially benefit from treatment with tamoxifen, only 4% of those at increased risk for breast cancer and only 0.08% of all U.S. women 40 to 79 years of age have accepted the use of this drug for chemoprevention. [13] [14] [15] A 2002 expert assessment concluded that tamoxifen lacks overall health benefits and recommended that future trials be conducted with placebo controls. 16 Novel, less toxic interventions are needed that will reduce the threshold of risk yet provide a net benefit. 17 Aromatase inhibitors profoundly suppress estrogen levels in postmenopausal women and inhibit the development of breast cancer in laboratory models. [18] [19] [20] [21] In early trials of breast cancer therapy, both nonsteroidal and steroidal aromatase inhibitors reduced contralateral primary breast cancers more than did tamoxifen; after 5 years of tamoxifen therapy, letrozole resulted in a further reduction of 46%, as compared with placebo. [22] [23] [24] [25] [26] [27] Preclinical models and clinical studies suggest that because of exemestane's antiestrogenic effects, such as those on bone resorption due to this drug's mild androgenic activity, it is a good candidate for study in a breast-cancer prevention trial. [28] [29] [30] Me thods
Study Design
The NCIC Clinical Trials Group Mammary Prevention.3 trial (NCIC CTG MAP.3) is an international, randomized, double-blind, placebo-controlled trial conducted in Canada, the United States, Spain, and France. The trial was approved by the health regulatory authorities and institutional review boards at the participating centers, and enrollment began in September 2004. After stratification according to current use of low-dose aspirin (≤100 mg per day) (yes or no) and Gail risk score (for calculation of this score, see www.cancer.gov/bcrisktool and the Supplementary Appendix, available with the full text of this article at NEJM.org) (≤2.0% or >2.0%), subjects were randomly assigned to one of three treatment groups with the use of a dynamic minimization algorithm: 25 mg of exemestane plus placebo, 25 mg of exemestane plus celecoxib, or placebo plus placebo pills, administered daily after a morning meal. 31, 32 After 31 patients were enrolled, 10 patients discontinued treatment with celecoxib because of concern for cardiovascular safety. 33 Before enrollment and during the study, written informed consent and reconsent in all the participating countries included counseling about the risks and benefits of treatment with tamoxifen and raloxifene. The trial was event-driven, with a planned maximum duration of therapy of 5 years or until a breast event, a neoplastic disease, or a cardiovascular event was diagnosed or unacceptable toxicity developed.
Participants
Women 35 years of age or older were eligible if they were postmenopausal (older than 50 years of age with no spontaneous menses for at least 12 months; or 50 years of age or younger either with no spontaneous menses [amenorrheic] within 12 months of randomization [e.g., spontaneous or secondary to hysterectomy] and a follicle-stimulating hormone level within the postmenopausal range or with prior bilateral oopho rectomy). In addition, women had at least one of the following risk factors: age 60 years or older; Gail risk score greater than 1.66%; prior atypical ductal or lobular hyperplasia or lobular carcinoma in situ on breast biopsy or prior ductal carcinoma in situ treated with mas-tectomy. Prior menopausal hormone therapies (estrogen with or without progestin), luteinizing hormone-releasing hormone analogues, prolactin inhibitors, antiandrogens, or selective estrogenreceptor modulators were allowable, but not within 3 months of randomization. Women were ineligible if they were premenopausal, had prior invasive breast cancer or prior ductal carcinoma in situ treated with lumpectomy, were known carriers of the BRCA1 or BRCA2 gene, had a history of other malignancies (except nonmelanoma skin cancer, treated in situ cancer of the cervix, or other solid tumors treated with no evidence of disease for 5 years), had uncontrolled hypothyroidism or hyperthyroidism, or had chronic liver disease.
End Points and Assessment
The primary outcome was incidence of invasive breast cancer. Secondary end points included a combined incidence of invasive and noninvasive (ductal carcinoma in situ) breast cancer; incidence of receptor-negative invasive breast cancer; incidence of combined atypical ductal hyperplasia, atypical lobular hyperplasia, and lobular carcinoma in situ; number of clinical breast biopsies; clinical fractures; adverse cardiovascular events, including myocardial infarction or coronary heart disease that resulted in death; overall incidence of other cancers; the side-effect profile and safety; and health-related and menopause-specific qualities of life (assessed by means of the Medical Outcomes Study 36-Item ShortForm Health Survey [SF-36] and the MenopauseSpecific Quality of Life [MENQOL] questionnaire, respectively [34] [35] [36] ).
At baseline, each patient's history of prior diseases and treatment, family history of cancer, and reproductive history were obtained. Physical examination was performed, including height, weight, blood pressure, pulse, and clinical breast examination to confirm no suspicious breast abnormalities. Other requirements included complete blood count, liver-function tests, renal-function tests, and normal results on bilateral mammography and bone-mineral-density measurements within the past year. Symptoms at baseline were graded according to the National Cancer Institute's Common Terminology Criteria for Adverse Events (CTCAE), version 3.0. 37 Quality of life (QOL) was measured within 1 week before randomization. Clinical assessments occurred at 6 and 12 months after randomization and yearly thereafter and included physical examination with clinical breast examinations, recording of concomitant medications, symptoms and adverse events, and QOL assessments. Women discontinuing the study drug continued to undergo clinical assessments and follow-up for clinical outcomes and adverse events.
Mammography was required within 12 months before randomization and every 12 months from the time of the initial mammogram during and after the treatment. Breast cancers could be detected on clinical breast examination during the clinic visits or on annual mammography. All mammograms and radiographic reports of fractures were reviewed centrally, and all evidence of disease on breast-biopsy specimens was reviewed by an adjudication committee. Study accrual and safety data were reviewed every 6 months by an independent data and safety monitoring committee. The original protocol and subsequent amendments are available at NEJM.org.
Statistical Analysis
The planned final analyses presented here include invasive breast cancer incidence and other secondary breast cancer end points, estimated on the basis of time from randomization to when an end point was reached. The sample-size estimate was based on an assumption of a rate of invasive breast cancer of 0.60% per year in the group given placebo, as compared with 0.21% in those treated with exemestane, with a relative reduction of 65% with exemestane. To detect this with a two-sided 5% level and 90% power, a total of 38 cases of invasive breast cancer were required, projected to occur when 4560 women were randomly assigned to treatment groups in a 3-year period and then followed for an additional 1.2 years. No interim analyses were planned. Accrual was completed on March 23, 2010; the protocol targetevent rate was met on November 5, 2010. All data queries were resolved, and the database was locked on March 1, 2011.
Comparisons of time-to-event primary and secondary end points were based on the stratified log-rank test, adjusting for the two stratification factors at randomization. Cox proportional-hazards models were used to derive hazard ratios and associated 95% confidence intervals. Fisher's exact test was used to compare adverse events between the treatment and placebo groups. Mean change scores from baseline to each assessment were calculated for all SF-36 and MENQOL subscales and summaries. Changes measuring 5 to 10% of the scale breadth or 0.5 SD were considered to be potentially clinically meaningful. 38-40 Scores measuring changes in QOL were considered worsened if they decreased by 5 or more points (out of a total of 100) from baseline on the SF-36 and if they increased by 0.5 or more points (out of a total of 8) on the MENQOL. A chi-square test was used to compare the differences in proportions of patients found to have potentially clinically meaningful changes in QOL. The study drug, exemestane, and funding support were provided by Pfizer, but this sponsor had no role in the design of the study or in the accrual, management, or analysis of the data. The decision to publish and the drafting of the manuscript were undertaken entirely by the first author, coauthors, and staff at the NCIC CTG central office, who vouch for the fidelity of the study to the protocol and for the accuracy and completeness of the data.
R e sult s
Between February 11, 2004 , and March 23, 2010, 4560 women were randomly assigned to either exemestane (2285 patients) or placebo (2275 patients). After randomization, 15 women (6 taking exemestane and 9 taking placebo) were considered to be ineligible to continue with the study but are included in the primary intention-to-treat analysis as randomly assigned. The exemestane and placebo groups were well balanced for race, body-mass index, and breast cancer risk factors (Table 1, and  Table 1 in the Supplementary Appendix). Major risk factors among the women who were enrolled included age of at least 60 years (49%); 5-year risk of breast cancer developing (Gail risk score >1.66%) (40%), and prior atypical ductal hyperplasia, atypical lobular hyperplasia, lobular carcinoma in situ, or prior ductal carcinoma in situ treated with mastectomy (11%). Prior menopausal hormone therapy use was recorded in 1310 women in the exemestane group (57.3%; range from 1 to 588 months) and 1327 women in the placebo group (58.3%; range from 1 to 360 months). Pretreatment bone mineral density and prior history of clinical fractures, cardiovascular risk factors, and the concomitant use of bisphosphonates, lipid-lowering drugs, and cardiovascular drugs were similar in the two study groups.
On November 5, 2010 , at the time of the clinical data cutoff, 735 women (32.8%) assigned to exemestane and 646 women (28.7%) assigned to placebo were no longer taking the study medication. About 5% in each group had discontinued the protocol treatment because of treatment completion. The major reasons for early discontinuation of the protocol treatments were toxic effects (15.4% in the exemestane groups vs. 10.8% in the placebo group, P<0.001) and patient refusal (6.9% vs. 6.0%, P = 0.22). The median time from randomization to off-protocol treatment was 10.2 months (range, 0.1 to 61.5) for exemestane and 14.2 months (range, 0.1 to 62.9) for placebo. Approximately 85% of women were compliant and 15% were noncompliant with the protocol guidelines for the study treatments. Scheduled annual mammography was performed equally in the two groups, with 7.2% and 7.7% of women having missed at least one scheduled mammography appointment in the exemestane and placebo groups, respectively. At a median of 35 months of follow-up (range, 0 to 63.4), 43 invasive breast cancers were diagnosed: 11 in the exemestane groups and 32 in the placebo group (annual incidence, 0.19% with exemestane vs. 0.55% with placebo; hazard ratio, 0.35 with exemestane; 95% confidence interval [CI], 0.18 to 0.70) ( Table 2 ). Figure 1 shows the cumulative incidence of invasive breast cancer in these two groups. There were 37 ductal (10 in the exemestane groups and 27 in the placebo group) and 6 lobular (1 in the exemestane groups and 5 in the placebo group) cancers. The majority of cancers in each group were estrogen-receptor-positive, HER2/neu-negative, and node-negative (Table 2) . Exemestane appeared to be superior to placebo in all prespecified subgroups defined by concurrent use of low-dose aspirin, Gail risk score, age, bodymass index, prior atypical ductal hyperplasia, atypical lobular hyperplasia, or lobular carcinoma in situ and prior ductal carcinoma in situ treated with mastectomy (Fig. 2) . Exemestane also appeared to be superior in unplanned subgroups: invasive breast cancers according to prior use of menopausal hormone therapy (hazard ratio, 0.30 for prior users; 95% CI, 0.11 to 0.81; hazard ratio, 0.41 for prior nonusers; 95% CI, 0.16 to 1.05) and continent of residence (hazard ratio, 0.34 for North America; 95% CI, 0.16 to 0.71; hazard ratio, 0.39 for Europe; 95% CI, 0.07 to 1.99). The annual incidence of invasive breast cancer plus ductal carcinoma in situ (20 in the exemestane group and 44 in the placebo group) was 0.35% and 0.77% in the exemestane and placebo groups, respectively (hazard ratio, 0.47; 95% CI, 0.27 to 0.79). Combined lobular carcinoma in situ, atypical ductal hyperplasia, and atypical lobular hyperplasia occurred in 4 women (0.2%) in the exemestane group and 11 (0.5%) in the placebo group (hazard ratio, 0.36; 95% CI, 0.11 to 1.12). The number needed to treat to prevent one case of invasive breast cancer with exemestane therapy was 94 in 3 years and 26 in 5 years, but few women completed 5 years of therapy. Table 3 (and Table 2 in the Supplementary Appendix) shows adverse events that occurred in 5% or more of women, with a difference between groups of 1% or more and prespecified secondary end points of toxicity. Symptoms and adverse events (all grades) occurred in 88% of women in the exemestane group versus 85% in the placebo group (P = 0.003). Arthritis (P = 0.01) and hot flashes (P<0.001) were more common in the exemestane group, but differences between the groups in the frequency of those with grade 2 or higher symptoms were modest (arthritis, 6.5% vs. 4.0%; hot flashes, 18.3% vs. 11.9%). Table 3 (and Table 2 in the Supplementary Appendix) shows no significant differences between the two groups in prespecified secondary end points, including new diagnoses of osteoporosis or cardiovascular events. Clinical fracture rates were also similar in the two groups, and the proportion of women in each group who were prescribed bisphosphonate therapy during the trial was also similar (24.5% for exemestane and 24.1% for placebo). There was no significant . No significant differences were detected between the two groups with respect to hypercholesterolemia, hypertriglyceridemia, abnormal liver-function tests, acne, alopecia, rash, weight gain, or hair loss (data not shown). Table 3 in the Supplementary Appendix shows health-related and menopausespecific QOL results. Compliance in completing the QOL questionnaire at each follow-up visit was 92.9 to 97.4% for the exemestane group and 94.3 to 97.5% for the placebo group. No betweengroup differences in overall health-related QOL responses were found when distributions of worsened, stable, and improved scores on the SF-36 (Physical and Mental Component Scores) were compared despite worsened menopause-specific QOL among those taking exemestane (7% more overall). There were 38 deaths during the study (19 in each group). Causes of death in the exemestane and placebo groups, respectively, were breast cancer, 1 and 0; other malignancies, 10 and 12; cardiovascular events, 5 and 4; and other causes, 3 and 3. None were adjudicated as treatment-related.
Discussion
In this randomized, placebo-controlled trial in healthy postmenopausal women, exemestane reduced the relative incidence of invasive breast cancers by 65%, from 0.55% to 0.19%. Exemestane also reduced the risk of known breast-cancer precursor lesions -ductal carcinoma in situ, lobular carcinoma in situ, atypical ductal hyperplasia, and atypical lobular hyperplasia -suggesting possible further reductions in invasive cancers during long-term follow-up. Most tumors in these study patients were estrogen-receptor-positive. HER2-positive tumors, which have a poor prognosis, were also reduced with exemestane. Future studies to corroborate this finding would be important. Menopausal symptoms such as hot flashes, fatigue, sweating, insomnia, and arthralgia were frequent among all the women in the study but were predictably somewhat more common in those taking exemestane. Also of potential clinical importance, more women in the exemestane group self-reported that menopause-related vasomotor and sexual symptoms had worsened. How- ever, these symptoms did not appear to affect self-reports of overall health-related QOL among those taking exemestane because summary measures of physical and mental components of the SF-36 did not differ between the two study groups.
(Full QOL results are not reported here.) Unlike the rare endometrial cancers and thromboemboli associated with tamoxifen, particularly in post- menopausal women, no serious adverse events or end-organ toxic effects, including fractures, were attributable to exemestane. Mild loss of bone mineral density with the aromatase inhibitors is well documented, but the annual excess incidence of fractures in trials comparing aromatase inhibitors and tamoxifen are probably due mainly to the boneprotective effects of tamoxifen. 41, 42 After the cessation of therapy in several large trials comparing aromatase inhibitors and tamoxifen in early breast cancer, bone mineral density improved and the difference in fracture rates was reduced. [43] [44] [45] In these trials, adverse events also attenuated rapidly after cessation of treatment and correlated with recovery of estrogen levels to their normal postmenopausal range. The absence of excess clinical fractures in patients treated with exemestane in this study is reassuring. This occurred despite similar baseline bone mineral density in the two groups and the use of bisphosphonate therapy both before and during the study. Although differences in the occurrence of colorectal, lung, and endometrial cancers and malignant melanomas have been reported in tamoxifen comparator trials, no differences were seen in this trial or in the placebo-controlled MA.17 trial. 26, 46 Small numerical, but not significant, differences in the number of cardiovascular events have also been reported in trials comparing aromatase inhibitors with tamoxifen, 22,23,46 with more events among the patients treated with aromatase inhibitors, and these differences may have been due to the slightly protective effect of tamoxifen, as suggested by Mouridsen et al. 47 It is reassuring that when the aromatase inhibitors were compared with placebo, these differences were not seen either in this prevention trial or in our early breast cancer MA.17 trial. This trial has some limitations. The median follow-up of 3 years is relatively short, and although consistent with our projections, the total number of breast events (66) was small. The optimal duration of endocrine therapy for breastcancer prevention is not known, but in a previous placebo-controlled trial of early breast cancer, we found that prolonged aromatase-inhibitor therapy was associated with continued reductions in the incidence of contralateral breast cancers even after the aromatase inhibitor was discontinued. 48 The number of women needed to treat in MAP.3 to prevent one case of breast cancer is 94 with 3 years of exemestane therapy, but is projected to be 26 at 5 years, although the number of women who received treatment for a full 5 years was low. By identifying subgroups of participants in the MAP.3 trial who would benefit most or who would be most vulnerable to toxic effects, one might be able to reduce the number needed to treat.
Despite these limitations we found a favorable risk-to-benefit ratio with a strong preventive effect of exemestane and, with a limited median follow-up of 3 years, an excellent safety profile across a spectrum of women at average to high risk for breast cancer. We reached our protocolspecified number of events for this final analysis; after unblinding, women taking the active drug will be offered exemestane to complete 5 years of therapy, and MAP.3 sites will have the option of offering 5 years of exemestane treatment to those initially assigned to placebo. We and others are conducting placebo-controlled trials in healthy women and patients with early breast cancer to evaluate prolonged aromatase-inhibitor therapy in postmenopausal women of similar age. The results of these ongoing trials should contribute to our understanding of the long-term efficacy and toxicity of aromatase inhibitors.
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